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Development o f a Recycled Glass Corrosion
Inhibitor for Surface Coatings and Concrete
Applications
Theresa Pierce
Department of Chemistry

ABSTRACT
This research was performed to study the possibility o f attaching a metal
corrosion inhibitor to recycled glass powder. Such a material would be useful as a
corrosion inhibitor component for metal substrate coatings. The major experiments
performed were first to produce a metal corrosion inhibitor (Irgacor 153)/silane
coupling agent (3-(chloropropyl)trimethoxysilane) adduct and secondly to attach this
corrosion inhibitor/silane adduct onto the surface o f glass. To test feasibility,
qualitative corrosion tests were performed using steel wool as the corroding metal and
a number of product samples.
INTRODUCTION
American uses for glass encompass a large variety of everday items ranging
from soda bottles and dinnerware to windows and building materials. Over 5400 tons
of total glass are wasted each year just in the Ozark region of Missouri alone [1]. One
can imagine how great this amount is for the rest o f the country. Therefore the need
to recycle glass products and create environmentally friendly ones has become a
critical concern in todays chemical research.
Another critical technology being researched today involves nontoxic processes
that protect metal infrastructures from chemical corrosion. The constant
weathering o f steel road bridges, oil pipelines, and rebar in concrete give rise to their
slow deterioration. Within the coatings industry, efforts to resolve this type of
corrosion destruction through the use of a polymer-based coating represent a
significant challenge for technological development.
The objective of this investigation applies to developing metal corrosion
inhibitor technologies to create a state-of-the-art material relevant in corrosion
resistant coatings. Using recycled clear glass to make a fine powder and the
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commercial liquid organic corrosion inhibitor Irgacor 153, this study attempts to
develop a covalently bonded glass corrosion inhibitor. This new anti-corrosive powder
could then potentially serve as an effective metal substrate corrosion repressor
coating for decaying metal structures.
RESEARCH APPROACH
The commercial liquid organic corrosion inhibitor, Irgacor 153, has been proven
to reduce the permeability of coatings to water and ions and to improve the ability of
the coating to wet the substrate [2]. It can be incorporated into primer, direct-tometal and clear coatings with minimal impact on color, gloss, and transparency [2].
With this kind of versatility, a Friedel-Crafts alkylation was performed on this
commercial inhibitor with a glass coupling agent,
3-(chloropropyl) trimethoxysilane, to give a corrosion/silane adduct [3,4]. This
Friedel-Crafts mechanism begins with the formation of a carbocation which proceeds
to electrophilically substitute an aromatic hydrogen with an R group [4]. The
resultant covalently bonded corrosion/silane material was then reacted with recycled
clear glass, binding the adduct to the glass surface through an elimination of
methanol [4].
Mechanism:
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EXPERIMENTAL PROCEDURES
Glass Powder Generation:
(1.) First, obtained some grinded clear recycled glass from the MO-SCI
company. The most commonly used grinding methods include the
hammer mill and the fluid-energy mill [5].
(a.) Hammer Mill- Consists mainly of rotating hammers in a
chamber with a grinding plate and a screen. The screen size
and the hammer/grinding plate liner control the size of the
powder [5]. See Figure 1 below.
(b.) Fluid-Energy Mill- This process uses high-velocity gas streams
which cause particles to collide with the mill structure and each
other [5], See Figure 2 below.

Figure 2: Fluid-energy Mill

Figure 1: Hammer Mill [5]

(2.) Most powders produced by the above methods vary in particle size and
shape so one must perform a powder classification on them. There are
two prominant types of this classification: screening and air
classification [5]. Screening uses a vibrating screen of desired mesh
size while air classification utilizes centrifugal force to separate
particles [5.1. See Figures 3 and 4 below.
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Irgacor 153 Inhibitor/Silane Coupling Agent Adduct Preparation:
( 1.) To a 250 ml round bottom flask mixed 60 ml of chlorobenzene, 5.0 g of the
Irgacor 153 commercial corrosion inhibitor, 3.0 g of 3-(chloropropyl)
trimethoxysilane, and 2.0 g of aluminum chloride (catalyst).
(2.) Then added a magnetic spin bar, attached a water-jacketed reflux
condenser, and refluxed for about 4 hours with stirring.
Observation: A light yellow precipitate formed.
(3.) Vacuum filtered this precipitate/AlCl3 solid.
(4.) Next, 60 ml of pure alcohol was added to the precipitate/AlCl3 solid to
dissolve the AICI3.
(5.) Vacuum filtered the remaining organic precipitate. Let it dry in a 53°C
oven.
(6.) Recrystallized this precipitate by the following method:
a. ) In a 25 ml beaker placed 0.5 g of the dried organic precipitate, 10 ml
of DMF, and a magnetic spin bar.
b. ) Set this on a hot plate and brought this to a boil.
c. ) Gravity filtered thsi with fluted filter paper.
d. ) To the filtered solution 40 ml of ethyl ether was added.
e. ) Let this sit for a couple days to let the ether evaporate off. A gooey
brown precipitate was left.
f. ) Placed this in a labeled vial via methanol.
(8.) Performed NMR’s on the 3-(chloropropyl)trimethoxysilane (Fig. 5), Irgacor
153 (Fig. 6, Let all of the solvents evaporate off of this beforehand.), and
the gooey brown precipitate obtained above. (Fig. 7, This should be the
Irgacor 153/Silane coupling agent adduct.) Performed an FTIR on the
Irgacor 153/Silane coupling agent adduct. (Fig. 8)
Comparison of Results:
Comparing the aforementioned NMR spectra shown in Figures 5, 6, and 7, one
can see that it looks as if the adduct’s NMR is a combination of the beginning
reactants’ NMR’s. Figure 5 shows a large peak for chlorobenzene at 53.5-3.8, and a
small multiplet at approximately 50.6-0.8 and 51.6-2.0. Figure 7 also possesses
similar peaks in these areas. Furthermore, Figure 6 reveals a large peak at 52.1, a
medium peak at 5 0.9 and 51.3, and a small peak at 58.0. Figure 7 also retains many
of these peaks. The peak at 58.0 for Figures 6 and 7 demonstrates the existance of
the aromatic ring in both the Irgacor 153 and the adduct. Peaks at 52.1 represent
CH2-C= 0 and CH-C=0 protons while those at 50.5-1.8 reveal C-CH2-C protons. The
peaks located in the range of 53.5-3.8 demonstrate the CH2CI protons. Therefore,
this proves the formation of the Irgacor 153/Silane coupling agent adduct.
Irgacor 153-Silane/Glass Product Preparation:
1:10 Ratio Reaction:
( 1.) In a 125 ml round bottom flask mixed 1.0 g of Irgacor 153/silane adduct,
10.0 g of recycled clear glass powder, 10 drops of H2SO4, and 50 ml of
chlorobenzene.
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(2.) Then added a magnetic spin bar and attached a water-jacketed reflux
condenser.
(3.) Refluxed this for 24 hours with stirring. Then proceeded to heat this
mixture for one hour at the boiling temperature.
Observation: Noticed the formation of broken rounded fragments of
glass in the flask.
(4.) Vacuum filtered off the reaction solvent (chlorobenzene) and washed the
product with two 50 ml portions o f pure chlorobenzene. Combined the
reaction solvent and washings and saved.
(5.) Performed FTIR’s on the pure recycled clear glass (Fig. 9), and the 1:10
Irgacor 153-silane/glass product (Fig. 10). Regular IR’s were performed on
the combined chlorobenzene 1:10 solvent portions (Fig. 13), and the pure
chlorobenzene (Fig. 12).
1:1 Ratio Reaction:
(1.) Repeated steps # 1-4 in the above 1:10 ratio procedure except this time
only 1.0 g of recycled clear glass was added instead of 10.0 g.
(2.) After heating for approximately a half an hour, the mixture changed from
a yellow to a dark brown.
(3.) Placed approximately 20 ml of the combined chlorobenzene solvent
portions (brown color) in a small beaker and set it on top of the oven for 24
hours to evaporate off the solvent. A black residue remained.
(4.) Performed FTIR’s on the 1:1 Irgacor 153-silane/glass product (Fig. 11) and
the remaining black residue in step 3 above (Fig. 16). Regular IR’s were
performed on the combined chlorobenzene 1:1 solvent portions (Fig. 14)
and the original commercial Irgacor 153 (Fig. 15).
Comparison of Results:
Comparing Figures 9, 10, and 11 proves that the glass underwent a change in
the reaction. The large peak at about 1100 cm-i appears in all three spectra, but the
one in Figure 10 seems to have broadened some. Also, two small peaks appear
between 1300-1700 cm-i in Figure 9, but Figure 10 shows only one peak. When
Figures 9 and 11 are compared, similar observations can be seen. Relating Figures
12,13, and 14 reveals that none of the Irgacor/silane adduct was left in either of the
two combined chlorobenzenesolvent collections. All three of these IR’s are almost
exactly the same. When comparing Figures 12, 13, and 14 with Figure 15, one sees
that there are not any similarities. Finally, comparing similarities between Figures 8
and 16 demonstrates that some of the Irgacor 153/silane adduct remained in the 1:1
combined solvent portion after the reaction. This accounts for the brown color of the
1:1 combined chlorobenzene reaction/washing solvent. Perhaps one on the reasons
this did not show up on the IR of the 1:1 chlorobenzene solvent portion is due to the
large dilution of the left-over Irgacor 153/silane adduct with chlorobenzene. The
above comparisons help to confirm the feasibility of the Irgacor 153-silane/glass
product’s formation.
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Irgacor 153-Silane/Glass Application Testing:
Trial #1:

(1.) Rolled 4 small balls of steel wool and dipped each in regular mineral water.
(2.) The first one was set out on a watchglass with just water.
(3.) The second one was then clipped in mixture o f the 2.0 ml of Irgacor 153
and 20 ml of chlorobenzene.
(4.) The third one was coated in the 1:10 ratio reaction powder product.
(5.) The fourth one was coated in the 1:1 ratio reaction powder product.
(6.) Left these out for approximately 5 days to allow corrosion.
Trial # 2 :

(1.) Redid steps #2-6 in trial one, but this time the steel wool was left in
strands instead of balls.
(2.) Added another test strand making a total of 5 test strands. This fifth test
strand was dipped in mineral water and then coated with just the recycled
clear glass.
Comparison of Results:
For trial one, the 1:10 ratio corrosion inhibitor-silane/glass product seemed to
rust more than the 1:1 ratio product. The 1:10 product also seemed to have a darker
orange corrosion rust than the 1:1 powder. Upon examination of the centers of the
steel wool test balls, hardly any corrosion occurred. The ball that was dipped in the
Irgacor 153/chlorobenzene mixture showed no signs of corrsion at all. This at least
shows that the Irgacor 153 works well in its liquid form.
The second trial was performed on strands of steel wool instead of balls
because of the inability of corrosion to occur inside them. Again, the 1:10 ratio
product corroded more than the the 1:1 product. It’s corrosion rust also retained the
dark, brighter orange color. The Irgacor 153/chlorobenzene strand did not show
corrsion while the recycled glass strand showed small traces at the junctions where
the strands crossed.
Although each product, 1:10 and 1:1, continued to show corrosion, the
appearance of less corrosion on the 1:1 product proves that more of the Irgacor 153/
silane adduct was attached to the glass surface and helped to halt corrosion more.
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CONCLUSIONS
It is apparent that a metal surface corrosion inhibitor can be covalently
bound to glass surfaces, and that in the qualitative corrosion test applications, one
can observe some discernment of the relative effectiveness of the 1:10 versus the
1:1 ratio loading of the Irgacor 153 corrosion inhibitor. One of the major
limitations concerns the number o f available silicon sites on the glass surface.
The coiTosion inhibitor attaches to these sites. If there are only a few available
sites, then the percentage of the total glass surface covered becomes quite low
causing the inhibitor’s ability to halt corrosion to decrease.
Subsequent application studies would require testing the effectiveness of
glasses with a higher number o f silicon sites. This would increase the percentage
of glass surface coverage and therefore improve the inhibitor’s corrosion
resistance. Another suggestion for use in future tests would be to try a number of
different commercial corrosion inhibitors. Other inhibitors may have greater
reactivities with the silane coupling agent or the glass’ surface. For the
qualitative corrosion tests, steel panels would be better to use. They provide a
larger surface area to observe and can be easily coated with the testing material.
Some tests involving various types o f water, such as mineral water and salt
water, would give one a better idea o f how well an inhibitor’s corrosion resistance
is in areas near the sea as well as inland. A final suggestion is to vary the ratios
of inhibitor to glass. Only two were performed in this experiment, but several
more would be benefltial to the overall results.
This corrosion inhibitor/glass product could be used in surface coatings for
many industrial and construction purposes. Oil pipelines, steel road bridges, and
steel rebar in concrete, could be coated with a corrosion inhibitor/glass
containing coating to prevent their constant weathering and slow destruction.
Uses in actual concrete manufacturing are possible by mixing this new type of
corrosion inhibiting coating in with the components of concrete to produce a
product that keeps uncoated steel rebar from corroding.
Overall, this research experiment proves the feasibility o f covalently
bonding a corrosion inhibitor to the surface of glass. Hopefully this idea will be
researched further and eventually proven to be a valuable asset to the coatings
industry.

121

Figure 5: NMR of 3-(chIoropropyl)trimethoxysilane

Figure 6: NMR of Irgacor 153 [(2-benzothiazolylthio)-succinic acid amine salt]

ppm

Figure 7: NMR of Irgacor 153/Silane Coupling Agent adduct
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Figure 8: FTIR of Irgacor 153/Silane Coupling Agent adduct
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Figure 9: FTIR of the Recycled Clear Glass Powder
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Figure 10: FTIR of the 1:10 ratio Irgacor 153-Silane Adduct/Recycled Clear Glass

Figure 11: FTIR of the 1:1 ratio Irgacor 153-Silane Adduct/Recycled Clear Glass
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Figure 12: IR of Pure Chlorobenzene

Figure 13: IR of the 1:10 ratio chlorobenzene solvent after the reaction

Figure 14: IR of the 1:1 ratio chlorobenzene solvent after the reaction
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Figure 15: IR of Irgacor 153 [(2-benzothiazolylthio)-succinic acid amine salt]

Figure 16: FTIR of Remaining Residue of 1:1 Ratio Reaction after Evaporation of
Chlorobenene
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